The data repeatability studies facility to perform production airplane wind tunnetlk tests.
INTRODUCTION
The Ames UPWT facility has been the most The primary purpose of the wind tunnel test from the Boeing perspective was to validate the Ames 11-By 11-Foot facility for conducting commercial airplane product development and research fullmodel tests. The specific test objectives were:
1.
To compare force, moment, and pressure data at one atmosphere total pressure with those obtained at the BTWT, the AEDC 16T, and Ames pre-modernized 11-By 11-Foot. 2. To compare force, moment, and pressure data at two atmospheres total pressure with those 4. obtained at Ames prior to the facility shutdown.
3. To obtain measures of the data repeatability.
5. 4. To evaluate productivity for a full-model test. 5. To evaluate the capabilities of the facility and Ames personnel for conducting typical commercial airplane product development tests. 6. To better understand the correlation between wind tunnel data from this facility and flight test data. The results from this objective are not 6. reported in this paper.
All of the specific test objectives were met. The wing was always flown with the wing body fairing and the wing-to-body strakelet.
The wing reference area is 6.304 ft2, aspect ratio 8.42, span 87.431 inches, and the MAC is 10.305 inches.
297 pressure taps are installed in the wing, located in 9 rows of 33 ports each.
The body represents the 777-200 production configuration. The body is 91.446 inches long, and has a constant section diameter of 9.028 inches.
10 cavity pressures and 12 body pressures were recorded during this test.
The horizontal tail was flown at two different incidence angle settings, -1°and +1°. The tail was set using fixed angle blocks. The horizontal strakelet was always flown with the tail. The reference area of the tail is 1.492 _, aspect ratio 4.50, span 31.095 inches and the MAC is 7.444 inches.
The model was flown both with and without the 777 flap track fairings.
The fan cowl represents the PW4084 nacelle. The left-hand nacelle includes six internal pressures for internal drag calculations. This cowl was flown with the 777 strut and the engine core cowl sized to achieve the design inlet capture ratio.
The nacelle chine was always flown with this cowl.
The model was flown both with and without =the 777 wing tip fairing.
Two model transition trip strips were used for the wind tunnel validation portion of the test. Both were forward trips at different heights. One height was used for 1.0 atmosphere total pressure testing, while the other height was used for 2.2 atmosphere total pressure testing. Both of these trip strips were made from vinyl stick-on dots. 
PLAN OF TEST i
The plan of test for the wind tunnel validation phase of AT0053 is presented in Table 1 . Not shown in the plan of test are several additional validation run series aimed to further understand the correlation between wind tunnel data acquired in the facility and flight test data. Note also that the plan of test presented is of the planned test, and not the test as was actually run. The test as run was very similar to that which was planned, except for several additional series required because of problems encountered during the first entry, and some duplicate runs acquired in order to make entry-to-entry comparisons.
From the plan of test, note that data were acquired at two different total pressures. Data were acquired at 1.0 and 2.2 atmospheres total pressure. The 1.0 atmosphere total pressure data matches data from the BTWT and typical Boeing tests at AEDC.
The 2.2 atmospheres total pressure data provides data at the highest practical Reynolds number for the facility.
TEST STATISTICS
This test was run as two different model installations. The first entry was tested in January and February 2000, and the second entry was tested in April and May 2000. The first entry faced many difficulties, including various facility deficiencies, and a Boeing labor dispute. The first entry was finally abandoned when the pitch strut feedback frequency changed such that it excited unacceptable model dynamics.
A total of three useful Mach series were acquired during the first entry. The body only series were acquired during the first entry, and thus were not repeated during the second entry. The remainder of the test plan was acquired during the second entry. Some test statistics are presented in Table 2 . 1. Very little of the plan of test was completed during the first entry. 2. Many of the valid runs acquired during the first entry were used for troubleshooting purposes. Just 54 runs out of 151 wind-on runs acquired during the first entry were used for subsequent analysis. Many runs acquired during the first entry were suspect due to excessive scatter, unexplained level shifts, etc. 3. The following useful run series were acquired during the first entry: body alone sedes at both PT levels, one Iow-PT series, and the acquisition parameter studies. 4. All of the runs acquired during the second entry were judged to be useful data. Data shifts, excessive scatter, and other typical wind tunnel enigmas were absent during this entry of the test. 5. The requested Mach number tolerance was 0.001. The tolerance achieved during the first entry was typically 0.002. The tolerance achieved during the second entry was less than 0.001, typically 0.0005.
Metric

COMPARISON TEST INFORMATION
The same model and support system was previously tested in the BTWT to obtain direct comparison data. Additionally, less direct comparison data exists from the AEDC 16T wind tunnel and the pre-modernization Ames 11-By 11-Foot tunnel. 
TEST RESULTS
The overall quality of the data was evaluated by Note that the data presented in Figure 11 were acquired with a different internal balance and a different physical wing body fairing and wing strakelet, as shown in This improvement in Mach number tolerance, coupled with improved flow quality and temperature uniformity in the test section, are believed responsible for the tighter data repeatability noted in the modemized tunnel. Data repeatability at the Ames 11-By 11-Foot is now on par with that demonstrated at the very best tunnels ever used by Boeing Commercial Airplanes.
DATA QUALITY
In addition to repeatability, smoothness of the acquired data is a measure of overall data quality. Smooth data results in more accurate curve fit representations that lead to more accurate interpolated data and increments between data sets. Figures 14 and 15 show drag polars at a Mach number of 0.97, one atmosphere total pressure. Figure 14 
COMPARISON OF LIFT CURVE SLOPES
A comparison of pre-modemization (ARC151) and post-modernization (AT0053) model lift curve slopes is presented in Figure 16 . Data at a Mach number of 0.83 for both one and two atmospheres total pressure are presented. However, Figure 19 shows that the current drag level is about 2 counts higher than that measured during ARC151 at the minimum drag coefficient. Note that the data from the BTW'F is about 2 counts higher than the data from the Note that with drag increments, as with many other comparisons, the data from AT0053 tend to be in between the data from BT2233 and TF0912. This agreement presented in Figure 24 is typical of the agreement in increments for other configuration changes.
Again The "send" portion of the link was still functioning
properly, but proper control of the tunnel conditions was not possible without the "receive" channels.
The hardware
and software related to the fiber optic link were tested and found to be good. The FCS database had previously caused similar problems, so it was restored to sort out the link problem, but this had no effect. 
INFRARED CAMERA MALFUNCTION
An Infrared (IR) camera system is mounted in the ceiling of the test section to evaluate model boundary layer transition.
The IR camera was initially used in the first Boeing 777 test entry until a failure occurred and it was then shipped to the manufacturer for repairs. A processor chip and cooling system failure were found and repaired. The camera was re-installed during the second test entry; however, a similar failure occurred immediately. Another failure in the cooling system controller was found along with problems in the digital output board.
These were fixed at the manufacturer; the unit tested, returned, and installed several days before the end of the test. The camera system operated for about 7 hours near the end of the test. Once setup parameters were adjusted properly, the resulting images showed great detail of the flow field over the model upper wing surface.
At higher angles of attack, vortices from the vortex generators could easily be seen passing over the wing and bursting on the flap region. A distinct change in the surface condition (perhaps a shock) was noted near the mid to aft portion of the wing as well. These results were obtained without imposing a thermal gradient that was thought to be needed for transition detection, giving the impression that the camera can easily detect flow field details. Upon starting the system on the following day, the system image was poor, indicating another failure in the camera. This automatically generates the Mach number setpoint and tolerance and increases data entry accuracy and productivity by eliminating the technician in the loop.
FACILITY MODIFICATIONS MADE
DIFFERENCES IN AMES AND BOEING
DATA PROCESIN(_ The Boeing 777 test requirements identified test dependent computations that were implemented in the setup of the SDS data acquisition system before the test entry. The changes during the test were minor in scope and involved differences in computational approach. A thorough review of the required equations before a test entry will identify the differences in computational approach, and this will be done before future entries. In addition, Ames and Boeing computations staff will meet to discuss the differences in approach.
Ames will then be able to implement some of the Boeing preferred computations as standard computations in the Ames SDS.
SLOW MODEL INSTALLATION
Installation problems that were addressed included the process of leak checking model pressures, performing the angle checks of angle sensors, and setting the A/B limit switches. 
